Abstract. Dynamic contrast-enhanced computed tomography (CECT) has been used previously to evaluate severe acute pancreatitis (SAP)-associated complications. However, optimal time points of CECT have not yet been established. The present study aimed to determine optimal timings for CECT to be undertaken for patients with SAP. The results of CECT from 309 patients with SAP, who were classified into either infected or non-infected SAP groups, were retrospectively analyzed. The severity and alterations in the periods within 72 h to >4 weeks of SAP onset were also assessed. In the analysis of the disease severity and changes, acute peripancreatic fluid collection was detected, where the number of areas increased within 1 week of SAP onset but decreased within 4 weeks and longer. However, no significant differences were observed between the infected and non-infected groups. The acute necrotic collection (ANC) areas were ≤30% of the area of the pancreas, with significantly more ANC areas and pancreatic necrosis in the infected SAP group compared with the non-infected SAP group at a time interval of >4 weeks. The exudation of pleural effusion (PE) was elevated within 1 week, but decreased within 2 weeks and longer. The difference in the alteration of the exudation of PE was not statistically different between the two groups. In conclusion, the results suggest that the period between 72 h and 1 week of SAP onset is optimal timing of CECT to assess SAP-associated complications, particularly for infected SAP patients.
Introduction
Acute pancreatitis (AP) and AP-associated complications are serious clinical conditions with a high mortality, ranging from 4-10% (1) (2) (3) (4) (5) (6) (7) . It is estimated that the global annual prevalence of this disease is 13-45 cases per 100,000 individuals (8) . A study performed in the United States has reported that ~300,000 of patients with AP were admitted to hospitals each year (9) . Of these, 15-20% developed life-threatening severe acute pancreatitis (SAP) due to local and systemic complications (10) that were mainly characterized by the presence of persistent organ failure (organ failure that lasts for ≥2 days) (11) . In the United Kingdom alone, AP accounts for ~20,000 hospital admissions per year (1) . The manifestations of AP can vary, ranging from local to serious systemic inflammation, including organ failure (12) . AP is further complicated by necrosis of the pancreatic parenchyma, with or without involving the peripancreatic tissues in an estimated 20-30% of patients with AP (12, 13) , with historically high morbidity (34-95%) and mortality (2-39%) (14, 15) .
CT scans are important tools that detect complications associated with AP (16) . Dynamic contrast-enhanced computed tomography (CECT) has emerged as a standard imaging technique for the evaluation and grading of complications following AP. Bollen et al (16) demonstrated that the sensitivity and specificity of the modified CT severity index (MCTSI) were 78 and 81%, respectively in examinations of AP-associated complications with CECT. In a study of MCTSIs for the assessment of AP severity, the MCTSI exhibited 61% sensitivity, 66% specificity and a positive predictive value of 81%, demonstrating the effectiveness of CECT for the screening of SAP in patients with AP (17) . However, the timing of CECT, which has been critical to accurately assess disease severity, is still debated. To the best of our knowledge, until now, the optimal time points to schedule CECT in patients with infected and sterile SAP has not yet been established.
The objective of this study was to determine the optimal timing of CECT. In this retrospective study formed of a total of 309 patients with SAP, the severity of SAP during different time intervals was assessed based on the results of CECT and was determined. The results obtained from the current 1 and RENJIE CHANG study may provide optimal time points for the use of CECT to evaluate patients with SAP, which may improve accuracy of disease evaluation, avoid unnecessary CECT and promote earlier intervention leading to a better prognosis.
Subjects and methods
Human subjects and study design. A total of 309 patients with SAP who were admitted to the First Affiliated Hospital of Guangxi Medical University (Nanning, Guangxi, China) between February 2002 and July 2016 were retrospectively enrolled in this observational study. The patients (230 males and 79 females; aged ≥18 years) had not been treated with antibiotics prior to hospital admission. The patients who had the following conditions were eventually excluded from this retrospective study: i) An external injury; ii) tumors; iii) autoimmune diseases; iv) diabetes or any other disease such as infections and metabolic disorders that could be associated with SAP; or v) eventual pancreatic surgery. The diagnosis of AP was established by a combination of clinical symptoms, laboratory tests, and abdominal imaging examinations according to the 2012 revision of the Atlanta classification and definitions by international consensus (11) . In particular, the diagnosis of AP was established if two of the three following criteria were fulfilled: i) Upper abdominal pain of acute onset, which usually radiates to the back; ii) serum levels of amylase or lipase activity more than three times the upper limit of the normal value, and iii) results from the cross-sectional abdominal imaging consistent with AP (11). SAP is defined by the presence of one incidence of local complication and/or systemic complications with organ failure usually either early or late in the disease (18) (19) (20) . If more than one organ is persistently affected as part of systemic complications, multiple organ dysfunction syndrome (MODS) or multiple organ failure are termed. The markers for the disease severity in AP are most reliable in organ failure lasting for >48 h (21, 22) . In the modified Marshall scoring system, organ failure is defined by a score of at least 2 for >48 h for one or more of the three organ systems (11, 23) . SAP was classified as Balthazar Computed Tomography grade of D or E (24). The MCTSI was calculated by summing these values, and the total score was subsequently categorized as follows: Mild pancreatitis, MCTSI score of 0-2; moderate pancreatitis, MCTSI score of 4-6; severe pancreatitis, MCTSI score of 8-10 (11,25) .
The patients of the current study were classified into two groups: Infected-SAP group (n=108; 35%) and the sterile-SAP group (n=201, 65%). The infected-SAP group was defined as patients that were diagnosed with pancreatic infection based on ongoing symptoms of sepsis and/or a combination of clinical signs (21, 26) . These clinical signs included systemic inflammatory response syndrome (SIRS), which was defined by the presence of two or more of the following criteria: i) Heart rate >90 beats/min; core temperature <36˚C or >38˚C; ii) white blood cell count <4,000 or >12,000/mm 3 ; respiration >20 breaths/min or PCO 2 <32 mmHg (11); iii) pancreatic infection diagnosis with bacteria and/or fungi identified via Gram staining in samples obtained from CT-guided aspiration or peritoneal lavage fluid (22) (Other components of the infection included cholelithiasis, respiratory secretions, and positive urine, blood and microbiological cultures); iv) CT results of extraluminal gas within areas of necrosis in the pancreatic and/or peripancreatic tissues (22) ; or the operative site or the site around the pancreatic drainage site exhibited pus (5) . The sterile SAP group exhibited the following characteristics: i) Signs of peritonitis, ii) the presence or absence of SIRS findings, iii) no evidence of positive microorganism culture, iv) a CT that does not reveal bubbles in the pancreas or peripancreas, and v) no purulent fluid in surgical or abdominal puncture drainage.
The protocol for the present study was reviewed and approved by the Institutional Ethics Committee of the First Affiliated Hospital of Guangxi Medical University (Guangxi, China). The requirement for written informed consent was waived due to the retrospective nature of this study.
CECT. The demographic and clinical characteristics of patients with SAP were assessed, which included SAP etiology, the length of their hospital stay, mortality, complications, Balthazar CT grade (24) , MCTSI and detailed CT fluid collections. The aforementioned characteristics were analyzed by reviewing patient medical records. CECT was performed as per routine protocol for all patients using a 64-slice CT scanner (LightSpeed VCT; GE HealthCare), a 128-slice CT scanner (Definition Flash; Siemens Healthcare), and a 256-slice CT scanner (RAVOLUSTION 256; GE Healthcare). The MCTSI was determined within 72 h, 1, 2, 3, 4 weeks and >4 weeks from the onset of AP to evaluate the severity of pancreatic inflammation and necrosis. Time was defined as a time-course of the CT results for each patient or simply a sporadic pattern of different patients assessed in different time periods. The onset of AP is defined as the time of onset of abdominal pain, not the time of admission to the hospital (11) .
Assessment of the severity of acute pancreatitis. Assessment of the severity of acute pancreatitis included acute peripancreatic fluid collection, acute necrotic collection, and the assessment of the presence of pleural effusion and C-reactive protein (CRP) levels, which were performed according to previous reports (16, 27, 28) . Acute peripancreatic fluid collection (APFC) areas included: i) The areas between the posterior wall of the stomach, small omental bursa and pancreas; ii) the areas between the left anterior kidney and the pancreas; iii) the right kidney front and pancreas; and iv) areas in the paracolonic gutters, the perihepatic and perisplenic and intestinal areas around the upper abdominal cavity. Division classification was level I, 1 area; level II, 2 areas; level III, 3 areas; and level IV, 4 areas. Acute necrotic collection (ANC) area: i) ≤30% of the pancreas; and ii) >30% of the pancreas (16, 28) . The presence of PE was confirmed by CECT. CRP levels were determined using a high-sensitive C-reactive protein Assay Kit (Zhejiang Kuake Biotechnology Co., Ltd.). CRP levels (>150 mg/l) were used for predicting the severity of AP.
Statistical analysis. The data were analyzed using SPSS v22.0 software (IBM Corp.). For categorical variables, χ 2 tests were used to determine significant differences whereas one-way analysis of variance followed by Least Significant Difference test was used for continuous variables. Ranked variables were analyzed using the Mann-Whitney U rank-sum test. APFC and ANC area grades in the infected and sterile groups were standardized by converting each data point into a z-value. All t-test and z-test were two-tailed and P<0.05 was considered to indicate a statistically significant difference.
Results

Characteristics of the study patients.
A total of 309 patients with SAP were included in the current retrospective study. The characteristics of patients at the time of hospital administration and overall mortality in the two groups (the infected-SAP group and sterile-SAP group) are presented in Tables I and II . Cases of SAP were predominantly composed of male patients (230 males vs. 79 females; 74.3 vs. 25.7%), of which the infected group had 108 patients in total, 60.2% males and 39.8% females. The sterile group had 201 patients in total, of which 82.1% males and 17.9% females. The two groups exhibited statistically significant sex differences (P<0.05). The mean ages of the infected-SAP and the sterile-SAP were 50.7±16.4 years and 43.6±12.8, respectively (data not shown). The overall mortality of patients was 10.7% (33/309), with higher rate of 14.8% (16/108) observed in the infected group than 8.5% (17/201) in the sterile group that did not reach statistical significance (data now shown). Of the 108 patients in the infected group, 30 developed pancreatic necrosis and had mortality rate of as high as 33.3% (10/30) (data not shown). Etiological analysis of these patients revealed possible causative factors including heavy alcohol consumption, hyperlipidemia and cholelithiasis. Biliary infection was demonstrated to occur more often in the infected group, while more prevalent alcohol use was exhibited in the sterile group.
The predicted severity of the patients was also evaluated. CRP data were available in 35 patients (32.4%) in the infected group and 69 patients (34.3%) in the sterile group (data not shown). At 72 h following the onset of SAP, 16 (14.8%) and 36 (17.9%) patients in the infected group and sterile groups respectively had CRP levels higher than 150 mg/l; after 72 h following the onset of SAP, the numbers increased to 30 (27.8%) and 53 (26.4%) respectively in the infected and sterile groups (data not shown). A total of 53/309 (17.2%) MODS cases occurred in the study patients, with a statistically significant higher percentage of cases in the in the infected group (26/108, 24.1%) vs. the sterile group (27/201, 13.4%) (data now shown). Additionally, the body mass index (BMI) was compared between the groups and no statistically significant differences were found in the infected group (24.6±4.0 kg/m 2 ) vs. the sterile group (25.3±3.7 kg/m 2 ) (data not shown).
Assessment of acute pancreatitis at different time intervals using different grading systems in the infected and sterile SAP groups.
The severity of AP, particularly the proportions of Balthazar Grade E and MCTSI Grade III patients in the infected and sterile groups was compared using the Balthazar and MCTSI grading systems. The classification was based on the results of CECT performed at different time intervals, subdivided in the time periods from 72 h of onset to >4 weeks. As presented in Fig. 1A and B, the infected group exhibited a higher number of Balthazar Grade E and MCTSI Grade III patients compared with the non-infection group. Following four weeks of onset, all patients in the infected group were classified as Balthazar Grade E and MCTSI Grade III (Fig. 1A and B) .
CECT results of SAP at different time intervals in the infectedand non-infected SAP groups.
The results of CECT undertaken per protocol in the study subjects at different time intervals were analyzed within 72 h, or 1, 2, 3, 4 and >4 weeks from the onset of SAP to compare its severity. The groups were classified into four grades based on APFC areas (Grade I, 1 area; Grade II, 2 areas; Grade III, 3 areas; Grade IV, 4 areas) between the infected and sterile groups. Four APFC areas were examined as described in the materials and methods section. APFC was primarily observed in four areas of all study subjects and the fluid accumulated 1 week after SAP onset, but reduced 2 weeks later ( Fig. 2A, D and E) . The CT findings indicated that there were four peripancreatic fluid collection areas and <30% pancreatic necrosis at one week from the onset of AP (Fig. 2D ). There was no apparent change in the peripancreatic fluid collection areas compared with those at 1 week from the onset of AP, while pancreatic necrosis was reduced in contrast to that at 1 week from the onset of AP (Fig. 2E) . No significant differences were observed at indicated time intervals from the onset of SAP between the infected and sterile groups (Table II) . In an analysis of acute necrotic collection (ANC) areas, ANC areas were classified into three levels (No ANC area, ANC areas ≤30% of the pancreas and ANC areas >30% of the pancreas). It was revealed that the ANCs areas in all patients in the infected and non-infected groups at the indicated time intervals predominantly covered ≤30% of the pancreas and the SAP patients with a higher degree of necrosis were prone to be infected ( Fig. 2B and D) . The differences between the two groups were statistically significant for within 72 h and four weeks (Table III) . Pleural effusion was detected in all the study subjects of each group in the time periods from 72 h to >4 weeks of onset (Fig. 2C) . Furthermore, no significant differences between the infected group and sterile group were observed at any time point (Table IV) .
Comparative analysis of alterations in CETC results at different time intervals in the infected and non-infected groups.
The differences in CECT results at different time periods from 72 h to >4 weeks of onset between the infected and non-infected groups were subsequently compared. Changes in APFC areas detected via CECT indicated that the number of APFC areas increased within 1 week of onset but reduced within 2 weeks and longer in comparison with the previous CECT (undertaken within 72 h) in all the study subjects (Fig. 3A) . Furthermore, differences between the infected and non-infected groups were not statistically different (Table V) . It was observed that the majority of ANC areas on CECT increased within 1 week and at >4 weeks of SAP onset compared with that of the previous CT (undertaken within 72 h) in all the patients with SAP (Fig. 3B) , whereas no significant change was observed between the time intervals within 2 and 4 weeks (Table VI) . In addition, the infected group exhibited an increase in the ANC areas at the time intervals of 2, 3 and >4 weeks and exhibited greater pancreatic necrosis in contrast to the sterile group at 4 weeks ( Table VI) . The results also revealed that the exudation of PE in each group was increased within 1 week of onset compared with that in the previous CECT results, but declined at time intervals of within 2 weeks and longer in all study subjects (Fig. 3C) . Furthermore, the differences between the infected group and non-infected group were not statistically different (Table VII) . Notably, 4 of 309 study subjects developed infected pancreatic necrosis, showing bubbles on the CECT imaging (data not shown).
Discussion
CECT has been widely used as an imaging technique to assess local and systemic complications in patients with AP (16).
To date, the appropriate time points for when CECT should Table II . Comparative analysis of acute peripancreatic fluid collection area grades in the infected and non-infected groups. --------------------------------------------------------------------------------------------------------------------------- be undertaken to offer an accurate disease evaluation have not been well established in clinical practice (16, 17) . The present retrospective study of CECT results, severities and their alterations during different time intervals in a total of 309 patients with SAP, who were stratified into infected and non-infected SAP groups. The results demonstrated that APFC was detected in infected and non-infected patients and that the number of areas increased within 1 week of onset but decreased within 2 weeks and beyond in comparison with those at the within 72 h of onset. However, no significant differences were observed in the two groups. The ANC areas in the two groups were predominantly ≤30% of the pancreas, whereas the infected group exhibited significantly more ANC areas and pancreatic necrosis than non-infected patients at the time interval of >4 weeks of onset. In addition, the exudation of PE was increased within 1 week of onset, but on the decline within 2 weeks and beyond in the infected and non-infected groups. However, the observed differences were not statistically different. Furthermore, the present results showed the period between 72 h and one week of onset was optimal timing of CECT for an evaluation of SAP-associated complications, particularly for infected patients.
Infection group
Non-infection group --------------------------------------------------------------------------------------------------------------------------------
The mortality of patients with AP is high, ranging from ~4-10% and greater in cases of life-threatening severe necrotizing pancreatitis, with an estimated rate of 15-30% (1,6,11) . In the present study, the mortality rate for patients with SAP was as high as 10.7%, which was not significantly correlated with pancreatic infection (data not shown). However, it was observed that the infected-SAP group exhibited a greater severity of infection. In addition, the patients in the infection group were older than those in the non-infection group, indicating a greater possibility of infection in patients with older age (data not shown).
CECT as an imaging modality has been highly recommended in the diagnosis, severity evaluation and morphological classification of SAP (16, 17) . In addition, it has provided helpful information about fluid collections, thickness and the internal debris of the pancreas (16, 17) . It is also ideal for guiding percutaneous aspiration and drainage procedures. Furthermore, CECT allows examiners to detect morphological features as a part of SAP diagnosis to determine disease severity (16, 17) . However, the optimal timing for performing a CECT in patients with suspected SAP remains controversial (11, 16, 17) . It has been demonstrated that CECT scheduled and performed immediately after the onset of symptoms may result in damaging the pancreas and underestimating the disease severity (11) . In the present study, patients with SAP (n=309) in the infected and non-infected groups primarily possessed a Balthazar grade of E and a MCTSI grade of III. In addition, APFCs were primarily observed in four areas that did not correlate with pancreatic fluid collection infection. The fluid accumulated one week but reduced after two weeks of SAP onset, which was consistent with previous results that fluid collections were found to develop in the early phase and improved in the late phase of pancreatitis (11) . Although ANCs covered ≤30% of all patient pancreases in the current study, patients with SAP and a higher degree of necrosis were more prone to be infected. No change in ANC areas was observed from 2 to 4 weeks of SAP onset. Furthermore, more ANC areas were identified in the infected group compared with the Table III . Comparative analysis of acute necrotic collection area grades in the infected and non-infected groups.
Infection group
Non-infection group ---------------------------------------------------------------------------------------------------------- Table IV . Total pleural effusion information in the infected and non-infected severe acute pancreatitis groups.
Non-infection group non-infected SAP group, indicating greater levels of necrosis and a higher possibility of infection. In a previous study, Kayar et al (29) assessed 180 patients with AP and mild pancreatitis with the aim of identifying patients who should be considered for home-monitoring. The results from a previous study indicated that there were no significant alterations in the CT findings of mild AP patients at 12 and 72 h (29) . Another previous study assessed the role of low molecular weight heparin in the management of patients with moderately severe AP (MSAP) (30). Tozlu et al (30) revealed that CECT examination between 72 h and 1 week is the ideal timeframe to detect MSAP-associated complications. There is a possibility that the severity of SAP may contribute to the different changes of CT results among patients with SAP in the present study.
Despite the effectiveness for CECT in the assessment of SAP-associated complications, it has limitations. For instance, due to the fact that a minimum of 2 weeks was needed for the improvement of liquid accumulation, but not for the improvement in necrosis, CECT may possess a low diagnostic rate of Table VI . Total severe acute pancreatitis acute necrotic collection area compared with that observed on the previous computed tomography.
Non-infection group The number of patients who had two computed tomography scans for comparative analysis of total severe acute pancreatitis acute necrotic collection area. Table VII . Total severe acute pancreatitis pleural effusion compared with that of the previous computed tomography. The number of patients who had two computed tomography scans for comparative analysis of total severe acute pancreatitis pleural effusion. Table V . Total acute peripancreatic fluid collection compared with that observed on the previous computed tomography. The number of patients who had two computed tomography scans for comparative analysis of total acute peripancreatic fluid collection.
Non-infection group -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Infection group Non-infection group -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
pancreatic infection (16, 17, 28) . Furthermore, its specificity and sensitivity are not high (11, 16, 17, 28) . Therefore, physicians may identify and evaluate the condition through clinical observations and thus reduce the frequency of CECT, thereby reducing patient costs. The present study has a number of limitations primarily concerned with it being a retrospective study with a relatively small sample size. This may therefore lead to bias in the sample selection of the present study. Therefore, a prospective trial study is required to validate the optimal timings identified in the current study.
In conclusion, the results of the present study demonstrate that CECT monitoring is required for patients with SAP, particularly for the evaluation of SAP-associated complications in infected patients. The present findings also suggest that the time period between 72 h and 1 week of the disease onset may be optimal timing to use CECT to evaluate SAP-associated complications.
